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Delta Natmral Gas Company, A aeo

3617 Lexington Road
Winchester, Kentucky 40391-9797

Phone: 606-744-6171
Fax: 606-744-3623

November 16, 1999 &g’g T
i

N
Hon. Helen Helton @
Executive Director

Public Service Commission

P O Box 615

Frankfort, KY 40602

RE: Delta Natural Gas Company Inc.
Case No. 99-176

Dear Mrs. Helton:

We deliver herewith for filing the original and ten (10) copies of the attached response to
Post-Hearing Staff Data Request made to Mr. Steve Seelye during the hearing held in the
above-styled action on October 28-29, 1999. We would appreciate your replacing the
response with the other papers in the case. Thank you for your kind assistance.

Sincerely,

}‘ms.}uf

John F. Hall
Vice President — Finance
Secretary and Treasurer

Enclosure’

copy: Hon. Elizabeth E. Blackford (w/encl.)
Hon Robert M. Watt III (w/encl.)




1. Using Mr. Seelye’s data and the minimum intercept model, Commission Staff
obtained the following results:

Y = 1.81 + 0.77X (no weighting),

where Y = Unit cost ($/foot)
X = diameter of pipe (inches).

When Commission Staff used the square root of Q as the weight, it obtained following results:

VQ.Y, =389.3 + 1.089(vVQ, X))
VQ,Y; =-0.15885 VQ, + 1.296(VQ, X,)

In his direct testimony, Mr. Seelye obtained the predicted equation of Y = 3.14 + 0.86X that results
in a customer related allocation of 58 percent. See Testimony of William Steven Seelye, Exhibit
4-3. In his rebuttal testimony, Mr. Seelye obtained the equation of Y =2.92 + 0.802X. See Rebuttal
Testimony of William Steven Seelye at 12.

a. Describe in detail how the results in Exhibit 4-3 were obtained. Show
each step of the calculations and state all assumptions used.

b. . -~ Describe all transformations (e.g., scaling of data or conversions
from feet to inches and vice versa) performed to obtain the results
in Exhibit 4-3.

c. What observations, if any, were deleted? Why?

d: State which of the following was estimated:

1) Ywy(Y;-(a+b*X,)). (See Testimony of William Steven Seelye at 13.)
2) 2 wi(Y — (a + bX;))’. (See Rebuttal Testimony of William Steven Seelye at 11.)

€. According to Kmenta, a weighted least squares equation such as
> w,Y,= aSw; + b*X, Sw; ““can only be estimated if X’w; is known and
the intercept of the regression equation is zero.” Given this

proposition, how was each intercept (3.14 and 2.92) obtained?




RESPONSE:

a. The zero intercept was calculated by performing weighted least squares using the following
steps (each step is shown on the attached output from the Excel spreadsheet utilized in the
study):

STEP 1: Calculate the Average Unit Cost for each size and type of pipe (i.e., each
category).

STEP 2: Transform the data as follows: Multiply the Average Unit Cost by the square
root of the number of feet of pipe for each category of pipe (which will
become the dependent or exogenous variable). Multiply the Pipe Size by the
square root of the number of feet of pipe for each category of pipe (which
will become one of the two independent or endogenous variables). The
square root of the number of feet of pipe for each category of pipewill be the
other dependent variable. We will then estimate the following model
consisting of two independent variables and no intercept.

y,-\/E = a/ni + bxivni
STEP 3: Calculate the parameters a and b by performing least squares against the

transformed data. The regression must be run without an intercept. This is
the standard approach for weighted regression models. If Microsoft
EXCEL’s =LINEST function is used, the the const must be set equal to
FALSE. (See attached.) If SAS is utilized then the regression must be

performed with NOINT the switch. If SPSS is utilized then the regression

must be performed with the “Include Constant in Equation” switch turned
off. (Since this is the standard weighted least squares model, SAS and SPSS
will calculate the same results by simply using WLS with the number of feet
as weight.)

All transformations are shown in STEP 2, above.
No observations were deleted.

Yw (Y — (a + bX)))* was utilized. The square was left off in the Testimony of William

Steven Seelye at 13.

As described above, weighted regression models must be performed without an intercept.

The a parameter, in effect, becomes the “zero intercept” of the weighted regression model:

yi\/-n_i = avni + bxivni
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LINEST . . Page 1 of 4

QINEST

ee Also
Calculates the statistics for a line by using the "least squares" method to calculate a straight line that best fits your data, and
returns an array that describes the line. Because this function returns an array of values, it must be entered as an array formula.

For more information about array formulas, clickE. AA—A A AT
The equation for the line is:

y =mx + bory=mlxl + m2x2 + ... + b (if there are multiple ranges of x-values)

where the dependent y-vaiue is a function of the independent x-values. The m-values are coefficients corresponding to each x-
value, and b is a constant value. Note that y, x, and m can be vectors. The array that LINEST returns is {mn,mn-1,...,m1,b}.
LINEST can also return additional regression statistics.

Syntax
LINEST(known_y's,known_x's,const,stats)
Known_y's is the set of y-values you already know in the relatidnship y = mx + b.
e If the array known_y's is in a single column, then each column of known_x's is interpreted as a separate variable.

e If the array known_y's is in a single row, then each row of known_x's is interpreted as a separate vaﬂgble.
Known_x's is an optional set of x-values that you may already know in the relationship y = mx + b.

e The array known_x's.can include one or more sets of variables. If only one variable is used, known_y's and known_x's can
be ranges of any shape, as long as they have equal dimensions. If more than one variable is used, known_y's must be a
vector (that is, a range with a height of one row or a width of one column).

e If known_x's is omitted, it is assumed to be the array {1,2,3,...} that is the same size as known_y's.

Const is a logical value specifying whether to force the constant b to equal 0.

{: If const is FALSE, b is set equal to 0 and the m-values are adjusted to fity = mx.

Stats is a logical value specifying whether to return additional regression statistics.

e If stats is TRUE, LINEST returns the additional regression statistics, so the returned array is {mn,mn-1,...,m1,b;sen,sen-
1,...,sel,seb;r2,sey;F,df;ssreg,ssresid}.

e If stats is FALSE or omitted, LINEST returns only the m-coefficients and the constant b.

The additional regression statistics are as follows.

Statistic Description

sel,se2,...,sen The standard error values for the coefficients mi,m2,...,mn.

Seb The standard error value for the constant b (seb = #N/A when const is FALSE).

r2 The coefficient of determination. Compares estimated and actual y-values, and ranges in

value from 0 to 1. If it is 1, there is a perfect correlation in the sample — there is no
difference between the estimated y-value and the actual y-value. At the other extreme, if
the coefficient of determination is 0, the regression equation is not helpful in predicting a y-
value. For information about how r2 is calculated, see "Remarks" later in this topic.

sey The standard error for the y estimate.

F : The F statistic, or the F-observed value. Use the F statistic to determine whether the
observed relationship between the dependent and independent variables occurs by chance.

df : The degrees of freedom. Use the degrees of freedom to help you find F-critical values in a
statistica! table. Compare the values you find in the table to the F statistic returned by

. LINEST to determine a confidence level for the model.
ssreg The regression sum of squares.
ssresid The residual sum of squares.
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he following illustration shows the order in which the additional regression statistics are returned.

1
=
2
5
N

i

Remarks
e You can describe any straight line with the slope and the y-intercept:

Siope (m):

To find the slope of a line, often written as m, take two points on the line, (x1,y1) and (x2,y2); the slope is equal to (y2 - y1)/
(x2 - x1). "

Y-intercept (b):

The y-intercept of a line, often written as b, is the value of y at the point where the line crosses the y-axis.

The equation of a straight line is y = mx + b. Once you know the values of m and b, you can calculate any point on the line by
plugging the y- or x-value into that equation. You can also use the TREND function. For more information, see TREND.

e When you have only one independent x-variable, you can obtain the slope and y-intercept values directly by using the following
formulas:

Slope:
INDEX(LINEST(known_y's,known_x's),1)

Y-intercept:
INDEX(LINEST(known_y's,known_x's),2)

o The accuracy of the line calculated by LINEST depends on the degree of scatter in your data. The more linear the data, the more
accurate the LINEST model. LINEST uses the method of least squares for determining the best fit for the data. When you have
only one independent x-variable, the calculations for m and b are based on the following formulas:

e The line- and curve-fitting functions LINEST and LOGEST can calculate the best straight line or exponential curve that fits your
data. However, you have to decide which of the two results best fits your data. You can calculate TREND(known_y's, known_x's)
for a straight line, or GROWTH(known_y's, known_x's) for an exponential curve. These functions, without the new_x's
argument, return an array of y-values predicted along that line or curve at your actual data points. You can then compare the
predicted values with the actual values. You may want to chart them both for a visual comparison.

e In regression analysis, Microsoft Excel calculates for each point the squared difference between the y-value estimated for that
point and its actual y-value. The sum of these squared differences is called the residual sum of squares. Microsoft Excel then
calculates the sum of the squared differences between the actual y-values and the average of the y-values, which is called the
total sum of squares (regression sum of squares + residual sum of squares). The smaller the residual sum of squares is,
compared with the total sum of squares, the larger the value of the coefficient of determination, r2, which is an indicator of how
well the equation resulting from the regression analysis explains the relationship among the variables.

e Formulas that return arrays must be entered as array formulas. For more information about entering array formulas, clickd.

- o When entering an array constant such as known_x's as an argument, use commas to separate values in the same row and
semicolons to separate rows. Separator characters may be different depending on your country settings.

e Note that the y-values predicted by the regression equation may not be valid if they are outside the range of the y-values you
used to determine the equation.

.ample 1 Slope and Y-Intercept
LINEST({1,9,5,7},{0,4,2,3}) equals {2,1}, the slope = 2 and y-intercept = 1

Example 2 Simple Linear Regression
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Suppose a small business has sales of $3,100, $4,500, $4,400, $5,400, $7,500, and $8,100 during the first six months of the fiscal
ar. Assuming that the values are entered in the range B2:B7, respectively, you can use the following simple linear regression
odel to estimate sales for the ninth month.

SUM(LINEST(B2:B7)*{9,1}) equals SUM({1000,2000}*{9,1}) equals $11,000

In general, SUM({m,b}*{x,1}) equals mx + b, the estimated y-value for a given x-value. You can also use the TREND function.
Example 3 Multiple Linear Regression
Suppose a commercial developer is considering purchasing a group of small office buildings in an established business district.

The developer can use multiple linear regression analysis to estimate the value of an office building in a given area based on the
following variables.

Variable Refers to the

y Assessed value of the office building

x1 Floor space in square feet

x2 Number of offices

x3 Number of entrances -
x4 Age of the office building in years

This example assumes that a straight-line relationship exists between each independent variable (x1, x2, x3, and x4) and the
dependent variable (y), the value of office buildings in the area.

The developer randomly chooses a sample of 11 office buildings from a possible 1,500 office buildings and obtains the following
data.

X1 %2 x3 . x4 ly o
Floor Space -|Offices:  {Enfrances |Age - |Value .20

s G230 cr L 2 T 2 20 ~$142,000

o 2333 2] o2l 12 §1444000

_ 2336} .. 3 -5 0 33 $151,000

. 2379 - 3t 21 - 43 $150,000

S 2402 2| - 31 53] .. $138,000

2. Y1 R 4| 20 23 ,$1639:000

-2 4481 2 c 15 99 -$1:26:000

24 2] - <21 34| $142900

© - 2494 3} 3] 23 - $163,000

2517 . 4 -4f-  55) . 5$168,000

.- .2540] - -2 3 22~ :$149,000

"Half an entrance"” means an entrance for deliveries only. When entered as an array, the following formula:

LINEST(E2:E12,A2:D12, TRUE, TRUE)

returns the following output.

_-234.2371612553.21066/| 125297682
-13:2680115] 530:669152[-400.066838
099674799 | 870578463 LRNIA F 5
1 459.753674 v B cRNIACS
47323933181 5652135.32 [ v #NIA .
The multiple regression equation, y = m1*x1 + m2*x2 + m3*x3 + m4*x4 + b, can now be obtained using the values from row
14:
y = 27.64*x1 + 12,530*x2 + 2,553*x3+ 234.24*x4 + 52,318

e developer can now estimate the assessed value of an office building in the same area that has 2,500 square feet, three offices,
two entrances and is 25 years old, by using the following equation:

y = 27.64*%2500 + 12530*3 + 2553*2 - 234.24*25 + 52318 = $158,261
You can also use the TREND function to calculate this value. For more information, see TREND.
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Example 4 Using The F And R2 Statistics

q the previous example, the coefficient of determination, or r2, is 0.99675 (see cell A16 in the output for LINEST), which would

dicate a strong relationship between the independent variables and the sale price. You can use the F statistic to determine
whether these results, with such a high r2 value, occurred by chance.

Assume for the moment that in fact there is no relétionship among the variables, but that you have drawn a rare sample of 11
office buildings that causes the statistical analysis to demonstrate a strong relationship. The term "Alpha" is used for the probability
of erroneously concluding that there is a relationship.

There is a relationship among the variables if the F-observed statistic is greater than the F-critical value. The F-critical value can be
obtained by referring to a table of F-critical values in many statistics textbooks. To read the table, assume a single-tailed test, use
an Alpha value of 0.05, and for the degrees of freedom (abbreviated in most tables as vl and v2), usevl =k =4 and v2 = n - (k
+ 1) =11 - (4 + 1) = 6, where k is the number of variables in the regression analysis and n is the number of data points. The F-
critical value is 4.53.

The F-observed value is 459.753674 (cell A17), which is substantially greater than the F-critical value of 4.53. Therefore, the
regression equation is useful in predicting the assessed value of office buildings in this area.

Example 5 Calculating The T-Statistics

Another hypothesis test will determine whether each slope coefficient is useful in estimating the assessed value of an office building
in example 3. For example, to test the age coefficient for statistical significance, divide -234.24 (age slope coefficient) by 13.268
(the estimated standard error of age coefficients in cell A15). The following is the t-observed value:

t=m4 - seq4 =-234.24 = 13.268 = -17.7

If you consult a table in a statistics manual, you will find that t-critical, single tail, with 6 degrees of freedom and Alpha = 0.05 is
1.94. Because the absolute value of t, 17.7, is greater than 1.94, age is an important variable when estimating the assessed value
of an office building. Each of the other independent variables can be tested for statistical significance in a similar manner. The
following are the t-observed values for each of the independent variables.

Variable t-observed value

‘Ioor space 5.1
umber of offices 31.3

Number of entrances 4.8
Age 17.7

These values all have an absolute value greater than 1.94; therefore, all the variables used in the regression equation are useful in
predicting the assessed value of office buildings in this area.

Additional resources
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2. In his rebuttal testimony, Mr. Seelye indicates that the estimated equation is now given by
Y =2.92 +0.802X;. See Rebuttal Testimony of William Steven Seelye at 14.

a. Is this equation to be used to allocate costs, rather than the equation that yielded an
intercept of 3.14?

RESPONSE:

The data discussed in the Rebuttal Testimony of William Steven Seelye at 14 is simply a
hypothetical example designed to illustrate that the standard formulation of weighted least squares
produces the correct intercept and slope, whereas Dr. Estomin’s approach produces an incorrect
result. The estimated equation given by Y =2.92 + 0.802X; should not be used to allocate costs.
The correct zero intercept is $3.14 per foot.

WITNESS:  Steve Seelye



3. Perform and submit the results of the following tests for heteroscedasticity:
a. Glesjer Test
b. Goldfeld-Quandt Test
C. White’s Test

RESPONSE:

When performing a regression analysis against average data, heteroscedasticity is inherently present
in the underlying construction of the data. This is explained in Samprit Chatterjee and Bertram
Price, Regression Analysis by Example (New York: John Wiley & Sons, 1991), Douglas C.
Montgomery and Elizabeth A. Peck, Introduction to Linear Regression Analysis (New York: John
Wiley & Sons, 1992), and Ashish Sen and Muni Srivastava, Regression Analysis (New York:
Springer-Verlag, 1990). All three of these references are standard texts on regression analysis used
by econometricians and statisticians, and all three references recommend utilizing the same model
when performing a regression analysis against average data. We have included a copy of the
relevant pages from these references in order to help clarify the issue. We have also underlined or
marked certain sections in order to emphasize relevant material. Samprit Chatterjee and Bertram
Price, Regression Analysis by Example explains in more explicit detail the form of the regression
model utilized in Delta’s cost of service study.

a. Glesjer Test
A description of the Glesjer Test is contained as Attachment 1. The Glesjer Test

regresses the absolute value of the residuals from the OLS regression of average cost
(the dependent variable) on size (the independent variable) against the independent
variable (size). Residuals from the unweighted version of the OLS regression were
used to determine whether there was heteroscedasticity in the unweighted version of
the OLS model. Two different functional forms were evaluated with the absolute
value of the residuals being regressed against size and size squared.

b. Goldfeld-Quandt Test

A description of the Goldfeld-Quandt Test is contained as Attachment 3. The
Goldfed-Quandt Test uses a test statistic calculated from a ratio of the residual sum
of squares for two subsamples of the data set used to estimate the original OLS
regression. The regression results on the two subsamples needed to calculate the
Goldfeld-Quandt test statistic are contained in Attachment 4. To form the two
subsamples, there was one central observation omitted after sorting the data in
ascending order based on size. The Goldfeld-Quandt test statistic has an F
distribution with (n-c-2k)/2 degrees of freedom. The calculated Goldfeld-Quandt test
statistic was: :

RSS2 13315

= = 1.263
RSS1  10.540

A=




WITNESS:

The degrees of freedom were:

(n-c-2k) (11-1-2%2)
2 B 2 -

3

White’s Test

A description of the White’s Test for heteroscedasticity is contained as Attachment
5. White’s Test utilizes an OLS regression of the squared residuals on the first and
second order terms of the independent variables including the cross-products of the
independent variables. Because there is only one independent variable, White’s Test
regresses the squared residuals on SIZE and SIZE?. The test statistic is n - R?, which
has a chi-square distribution with the degrees of freedom equal to the number of
regressors. The regression results for White’s Test are reported in Attachment 6. The
test statistic for White’s Test is:

ne R*=1100.113= 1243

At the 95% level of significance, chi-square with 2 degrees of freedom would be
5.99147.

Steve Seelye
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jExample 11.1. Relationship between compensation and productivity. To illus-
irate the Park approach, we use the data given in Table 11.1 to run the following
Pregression:
9 Yi=B +BXi+uy
g where Y = average compensation in thousands of dollars, X = average productiv-

ity in thousands of dollars, and i = ith employment size of the establishment. The
| results of the regression were as follows:

P; = 1992.3452 + 0.2329X;
se = (936.4791) (0.0998) (11.5.3)
t= (21275) (2.333) R = 0.4375

___. The results reveal that the estimated slope coefficient is significant at the 5% level on
' the basis of a one-tail £ test. The equation shows that as labor productivity increases
Fby, say, a dollar, labor compensation on the average increases by about 23 cents.
3 The residuals obtained from regression (11.5.3) were regressed on X; as sug-
: gested in Eq. (11.5.2), giving the following results:
F In&? = 35.817 — 2.80991nX;

se = (38.319) (4.216) (11.5.4)
. t = (0.934)(-0.667) R?® = 0.0595 )
: Obviously, there is no statistically significant relationship between the two vari-

f ables. Following the Park test, one may conclude that there is no heteroscedasticity
¥ in the error variance.!!

tjser test.!2 The Glejser test is similar in spirit to the Park test. After ob-
Jning the residuals &; from the OLS regression, Glejser suggests regressing
g absolute values of #; on the X variable that is thought to be closely associ-
4 with o2. In his experiments, Glejser used the following functional forms:

[t] = By + BaXi + v;

| = B1 + B2 VXi +v;
1

| = B +ﬁ2X—i +v;

1
|| = B +Br—=+vi

JX;
] = VB1 + BaXi + v;

il = /B1 + BaX]P + v

fhere v is the error term.

' he particular functional form chosen by Park is only suggestive. A different functional form
2y reveal significant relationships. For example, one may use &7 instead of In4? as the dependent
kriable,

B, Glejser, “A New Test for Heteroscedasticity,” Journal of the American Statistical Association,
Bl 64, 1969, pp. 316-323.
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Again as an empirical or practical matter, one may use the Glejser ap{
proach. But Goldfeld and Quandt pomt out that the error term v; has som§
problems in that its expected value is nonzero, it is serially correlated (seg
Chapter 12), and ironically it is heteroscedastic.!® An additional difficulty witl
the Glejser method is that models such as ]

I = VB + BX; +vi and || = JB1 + BoX? + v

are nonlinear in the parameters and therefore cannot be estimated with
usual OLS procedure.

Glejser has found that for large samples the first four of the precedin
models give generally satisfactory results.in detecting heteroscedasticity. As §
practical matter, therefore, the Glejser technique may be used for large sampl
and may be used in the small samples strictly as a qualitative device to leary
something about heteroscedasticity. For an application of the Glejser method]
see Section 11.7. ;

Spearman’s rank correlation test. In exercise 3.8 we defined the Spea
rank correlation coefficient as

where d; = difference in the ranks assigned to two different characteristics ¢
the ith individual or phenomenon and n = number of individuals or phenog
ena ranked. The preceding rank correlation coefficient can be used to de

heteroscedasticity as follows: Assume Y; = Bg + Bi1X; + u;. ¥

.
Step 1. Fit the regression to the data on ¥ and X and obtain the residuals §
Step 2. Ignoring the sign of @, that is, taking their absolute value (2], raj
. both |f;] and X; (or ¥;) according to an ascending or descending ¢
der and compute the Spearman’s rank correlatlon coefficient g1
previously. ]
Step 3. Assuming that the population rank correlation coefﬁcient s is zef
and n > 8, the significance of the sample r; can be tested by the ¢ ¢

as follows:!4

withdf = n — 2.

BFor details, see Goldfeld and Quandt, op. cit., Chap. 3.

“See G. Udny Yule and M. G. Kendall, A Introduction to the Theory of Statistics, Charles Grif
& Company, London, 1953, p. 455. 1




Regression

Variables Entered/Removed®?

I a. Dependent Variable: ABS_RES

Attachment 2
Variables | Variables Glesjer Test Results
Model Entered Removed Method Page 1
T SIZEz — Enter g
a. All requested variables entered.
b. Dependent Variable: ABS_RES
Model Summarny®
Std.
Error of
Adjusted the
Model R R Square | R Square | Estimate | Durbin-Watson
L .184¢ .034 -.0/74 1.0613 2.017
a. Predictors: (Constant), SIZE
b. Dependent Variable: ABS_RES
ANOVAP
Sum of Mean
Model Squares df Square F Sig.
| Regression 390 1 395 315 o884
Residual 10.137 9 1.126
Total 10.491 10
a. Predictors: (Constant), SIZE
. b. Dependent Variable: ABS_RES
Coefficients?
Standardi
zed
Unstandardized Coefficien
Coefficients ts
Model B Std. Error Beta t Sig.
| (Constant) 2.214 .67 3.319 .009
SIZE -8.81E-02 157 -.184 -.561 .588
a. Dependent Variable: ABS_RES
Residuals Statistics?
Std.
Minimum | Maximum Mean Deviation N
Predicted
Value 1.5091 2.0818 1.8856 .1883 11
Residual -1.3708 2.4460 | 1.413E-16 1.0068 11
Std.
Predicted -1.999 1.042 .000 1.000 11
Value
Std. -1.292 2.305 000 949 11
Residual ) . : ’

Page 1




Regression
Variables Entered/Removed®
Attachment 2
Variables | Variables Glesjer Test Results
Model Entered Removed Method P 9
T SIZESORE ~ | Enter age
a. All requested variables entered.
b. Dependent Variable: ABS_RES
Model Summary®
Std.
Error of
Adjusted the
Model R R Square | R Square | Estimate | Durbin-Watson
1 2104 047 -.009 1.0542 2.045
a. Predictors: (Constant), SIZESQR
b. Dependent Variable: ABS_RES
ANOVAb
Sum of Mean
Model Squares df Square F Sig.
i Regression 489 1 489 .440 024
Residual 10.002 9 1.111
Total 10.491 10
a. Predictors: (Constant), SIZESQR
. b. Dependent Variable: ABS_RES
Coefficients?
Standardi
zed
Unstandardized Coefficien
Coefficients ts
Model B Std. Error Beta t Sig.
1 {Constant) 2.090 442 4.724 .001
SIZESQR | -1.13E-02 .017 -.216 -.664 524
a. Dependent Variable: ABS_RES
Residuals Statistics?
Std.
Minimum | Maximum Mean Deviation N
Fredicted :
Value 1.3655 2.0643 1.8856 2212 11
Residual -1.4180 2.3988 .0000 1.0001 11
Std.
Predicted -2.351 .808 .000 1.000 1
Value
Std. 1.345 2.275 000 949 11
Residual ol : . :

a. Dependent Variable: ABS_RES

Page 1
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Goldfeld-Quandt Test
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For 8 df this ¢ value is not significant evenl at the 10% level of significance; thep 1
value is 0.17. Thus, there is no evidence of a systematic relationship between the
explanatory variable and the absolute values of the residuals, which might suggest 3
that there is no heteroscedasticity. o

Goldfeld-Quandt test.'® This popular method is applicable if one assumes
that the heteroscedastic variance, o?, is positively related to one of the explana- |
tory variables in the regression model. For simplicity, consider the ustal two- |
variable model: ' 1

Y; = B+ BXitu

Suppose o} is positively related to X; as o
o} = o?X} (11.59)

where o2 is a constant.!¢ ]
Assumption (11.5.9) postulates that a? is proportional to the square of

the X variable. Such an assumption has been found quite useful by Prais and ;
Houthakker in their study of family budgets. (See Section 11.6.) :

' 1£(11.5.9) is appropriate, it would mean o? would be larger, the larger the 3
values of X;. If that turns out to be the case, heteroscedasticity is most likely §

to be present in the model. To test this explicitly, Goldfeld and Quandt suggest
the following steps: :

Step 1. Order or rank the observations according to the values of X;, begin- .
ning with the lowest X value. :
Step 2. Omitc central observations, where ¢ is specified a priori, and divide }
the remaining (# — ¢) observations into two groups each of (n—cy? {
observations. ;
Step 3. Fitseparate OLS regressions to the first (n—~c)2 observations and the
last (n — cy/2 observations, and obtain the respective residual sums }
of squares RSS; and RSS,, RSS; representing the RSS from the re- §
gression corresponding to the smaller X; values (the small variance
group) and RSS; that from the larger X; values (the large variance
group). These RSS each have !

n—-c) _ n—c—2k
—5 k or ( 5 )df A

where k is the number of parameters t0 be estimated, including the
intercept. (Why?) For the two-variable case k is of course 2. ;

Compute the ratio

_ RSS,/df

= m (11.5.10) 1

15Goldfeld and Quandt, op. cit., Chap. 3.

16This is only one plausible assumption. Actually, what is required is that o} be monotonically
related to X,
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If u; are assumed to be normally distributed (which we usually do), and
if the assumption of homoscedasticity is valid, then it can be shown
that A of (11.5.10) follows the F distribution with numerator and de-
nominator df each of (n — ¢ — 2k)2.

If in an application the computed A(= F) is greater than the critical F at

b the chosen level of significance, we can reject the hypothesis of homoscedas-
f ticity, that is, we can say that heteroscedasticity is very likely.

Before illustrating the test, a word about omitting the ¢ central observa-

b tions is in order. These observations are omitted to sharpen or accentuate the
- difference between the small variance group (i.e., RSS,) and the large variance
k group (i.e., RSS;). But the ability of the Goldfeld-Quandt test to do this suc-
8 cessfully depends on how ¢ is chosen.!? For the two-variable model the Monte
k. Carlo experiments done by Goldfeld and Quandt suggest that ¢ is about 8 if the
F: sample size is about 30, and it is about 16 if the sample size is about 60. But
¢ Judge et al. note that ¢ = 4 if n = 30 and ¢ = 10 if n is about 60 have been
}' found satisfactory in practice.!®

Before moving on, it may be noted that in case there is more than one X

¥ variable in the model, the ranking of observations, the first step in the test, can
E be done according to any one of them. Thus in the model: Y; = 8; + B,X2; +
L B3X 3 + BaX 4 + u;, we can rank-order the data according to any one of these
* X's, If a priori we are not sure which X variable is appropriate, we can conduct
the test on each of the X variables, or via a Park test, in turn, on each X.

Example 11.3. The Goldfeld-Quandt test. To illustrate the Goldfeld-Quandt test,
‘we present in Table 11.3 data on consumption expenditure in relation to income for
a cross section of 30 families. Suppose we postulate that consumption expenditure
is linearly related to income but that heteroscedasticity is present in the data. We
further postulate that the nature of heteroscedasticity is as given in (11.5.9). The
necessary reordering of the data for the application of the test is also presented in
Table 11.3.
Drapping the middle 4 observations, the OLS regressions based on the first
13 and the last 13 observations and their associated residual sums of squares are
as shown next (standard errors in the parentheses).
Regression based on the first 13 observations:

P, = 3.4094 + 0.6968X;
(8.7049) (0.0744) r = 0.8887
RSS; = 377.17
df =

YTechnically, the power of the test depends on how ¢ is chosen. In statistics, the power of a fest
is measured by the probability of rejecting the null hypothesis when it is false {i.e., by 1 — Prob
(type II error)). Here the null hypothesis is that the variances of the two groups are the same, i.e.,
homoscedasticity. For further discussion, see M. M. Ali and C. Giaccotto, “A Study of Several New :
and Existing Tests for Heteroscedasticity in the General Linear Model,” Journal of Econometrics,
vol. 26, 1984, pp. 355-373.

8George G. Judge, R. Carter Hill, William E. Griffiths, Helmut Ltitkepohl, and Tsoung-Chao Lee,
Introduction to the Theory and Practice of Econometrics, John Wiley & Sons, New York, 1982, --
p. 422.




Regression

Variables Entered/Removed?:c

Variables | Variables
Model Entered Removed Method
1 SlZE? Enter

a. All requested variables entered.

b. Dependent Variable: AVGCOST
€. Models are based only on cases for which GQSELECT = 1.00

Model Summary®:¢

Attachment 4
Goldfeld-Quandt Test Results
Page 1

R

Std. Durbin-Watson Statistic
GQSELECT | GQSELECT Errorof | GQSELECT | GQSELECT

=100 . ~=1.00 Adjusted the = 1.00 ~=1.00
Model (Selected) {(Unselected) | R Square | R Square | Estimate (Selected) | (Unselected)
i 872 .035 -.287 2.1068 3.308 _o81

a. Predictors: (Constant), SIZE

b. Unless noted otherwise, statistics are based only on cases for which GQSELECT = 1.00.
¢. Dependent Variable: AVGCOST

ANOVAPc
Sum of Mean
Model Squares df Square F Sig.
Regression 484 1 484 108 7638
Residual 13.315 3 4438
Total 13.800 4
a. Predictors: (Constant), SIZE
b. Dependent Variable: AVGCOST
¢. Selecting only cases for which GQSELECT = 1.00
Coefficientsab
Standardi
zed
Unstandardized Coefficien
Coefficients ts
Model B Std. Error Beta t Sig.
] (Constant) 4.180 3.067 1.172 326
SIZE -.568 1.720 -.187 -.330 .763

a. Dependent Variable: AVGCOST
b. Selecting only cases for which GQSELECT = 1.00

Page 1




Casewise DiagnosticsP

Case Std.

Number Status Residual | AVGCOST
7 Xd 3.462 9.20
9 xa 3.560 8.27
11 Xa 3.229 6.44

a. GQSELECT ~= 1.00 (Unselected)

b. Dependent Variable: AVGCOST

Residuals Statistics®?

GQSELECT = 1.00 (Selected)

Std.
Minimum | Maximum Mean Deviation
v' rocicied 2.4754 3.3278 3.0436 3480
Residual -+ -1.8823 1.9728 | 8.882E-17 1.8245
Std.
Predicted -1.633 816 .000 1.000
Value
Std.
Residual -.893 936 .000 .866
Residuals Statistics®P
GQSELECT ~= 1.00 (Unselected)
Std.
Minimum | Maximum Mean Deviation
Predicied
Value -.3660 2.4754 1.2441 1.0427
Residual -1.1945 7.5008 4.8064 3.3237
Std.
Predicted -9.798 -1.633 -5.171 2.996
Value
Std. 567 3.560 2.281 1578
Residual o : : :

a. Dependent Variable: AVGCOST
b. Pooled Cases

Attachment 4
Goldfeld-Quandt Test Results
Page 2

Page 2




Regression

Variables Entered/Removed®.¢

Variables | Variables
Model Entered Removed Method
1 SIZEC Enter

a. All requested variables entered.

b. Dependent Variable: AVGCOST
¢. Models are based only on cases for which GQSELECT = 2.00

Attachment 4
Goldfeld-Quandt Test Results

Page 3

Model Summary®:©
R Std. Durbin-Watson Statistic
GQSELECT | GQSELECT Errorof | GQSELECT | GQSELECT
= 2.00 ~=2.00 Adjusted the = 2.00 ~=2.00
Model (Selected) | (Unselected) | R Square | R Square | Estimate (Selected) | (Unselected)
1 2062 379 .043 =201 1.8744 3.145 -203

a. Predictors: (Constant), SIZE

b. Unless noted otherwise, statistics.are based only on cases for which GQSELECT = 2.00.
€. Dependent Variable: AVGCOST

ANOVAP:c
Sum of Mean
Model Squares df Square . F Sig.
Regression 408 1 468 133 7399
Residual 10.540 3 3.513
Total 11.009 4
a. Predictors: (Constant), SIZE
b. Dependent Variable: AVGCOST
¢. Selecting only cases for which GQSELECT = 2.00
Coefficientsa:P
Standardi
zed
Unstandardized Coefficien
Coefficients ts
Model B Std. Error Beta t Sig.
i/ {Constant) 8.149 3.247 - 2.510 .087
SIZE -.204 .560 -.206 -.365 .739

a. Dependent Variable: AVGCOST
b. Selecting only cases for which GQSELECT = 2.00

Page 1




Casewise DiagnosticsP

Case Std.

Number Status Residual | AVGCOST
2 Xd -3.413 1.45
4 xa -3.421 1.33
6 Xa -3.337 1.28

a. GQSELECT ~= 2.00 (Unselected)

b. Dependent Variable: AVGCOST

Residuals Statistics®P

GQSELECT = 2.00 (Selected)

Std.
- Minimum | Maximum Mean Deviation
redicted

Value 6.5138 7.3316 7.0045 3421

Residual -1.9468 1.8700 | 1.776E-16 1.6233

Std.

Predicted -1.434 .956 .000 1.000

Value

Std.

Residual -1.039 .998 .000 .866

Residuals Statistics®?
GQSELECT ~= 2.00 (Unselected)
Std.
- Minimum | Maximum Mean Deviation
redicted

Value 7.5360 7.8427 7.7064 .1397

Residual -6.4130 -2.7241 -4.9566 1.7628

Std.

Predicted 1.554 2.450 2.052 408

Value

Std. -3.421 1453 | 2644 940

Residual : : : :

a. Dependent Variable: AVGCOST

b. Pooled Cases

Attachment 4
Goldfeld-Quandt Test Results
Page 4
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hite's general heteroscedasticity test. Unlike the Goldfeld-Quandt test,
khich requires reordering the observations with respect to the X variable that
upposedly caused heteroscedasticity, or the BGP test, which is sensitive to the
Jormality assumption, the general test of heteroscedasticity proposed by White
koes not rely on the normality assumption and is €asy to implement.?! As an
pustration of the basic idea, consider the following three-variable regression
piodel (the generalization to the k-variable model is straightforward):

. Yi = Bt +BoXoi + BsXy + 14 (11.5.20)
ghe White test proceeds as follows: '

K tep 1. Given the data, we estimate (11.5.20) and obtain the residuals, @,
ptep 2. We then run the following (auxiliary) regression:

a,? = ay + Xy + aiXs; + a4X§i + a5X§,-
+ X2 X3 + v (11.5.21)22

That is, the squared residuals from the original regression are re-
gressed on the original X variables or regressors, their squared values,
and the cross product(s) of the regressors, Higher powers of regres-
sors can also be introduced. Note that there is a constant term in this
gh the original regression may or may not contain
it. Obtain the R? from this (auxiliary) regression,
Under the null hypothesis that there isna heteroscedasticity, it can be
shown that sample size () times the R? obtained from the auxiliary
regression asymptotically follows the chi-square distribution with df
equal to the number of regressors (excluding the constant term) in
the auxiliary regression. That is,

n-R? ;;yng (11.5.22)

where df is as defined previously. In our example, there are 5 df since
there are 5 regressors in the auxiliary regression.

ty. If it does not exceed the critical chi-
there is no heteroscedasticity, which is to say that in the aux-
iliary regression (11.521), ay = a3 = a4 = a5 = ag = 0 (see foot-
note 22).

k- 2H, White, “A Heteroscedasticity Consistent Covariance Matrix Estimator and a Direct Test of
3 chmscedasﬁdty," Econometrica, vol. 48, 1980, pp. 817-818, .

ZImplied in this procedure is the assumption that the error variance of w,of,is functionally related
. to the regressors, their squares, and their cross products, If all the partial slope coefficients in this
[: regression are simultaneously equal to zero, then the error variance is the homoscedastic constant
3 equal to a;.

-




Regression

Variables Entered/Removed®

Attachment 6
Variables | Variables White’s Test Results
Model Entered Removed Method
T I7E, =" Page 1
SIZESQR® nter
a. All requested variables entered.
b. Dependent Variable: RES_OSQR
Mode! Summary®
Std.
Error of
Adjusted the
Model R R Square | R Square | Estimate | Durbin-Watson
T .337¢ 113 -.108 5.3731 2.369
a. Predictors: (Constant), SIZE, SIZESQR
b. Dependent Variable: RES_OSQR
ANOVAP
Sum of Mean
Model Squares df Square F Sig.
1 Regression 29.502 2 14.751 211 .b18¢
Residual 230.961 8 28.870
Total 260.463 10
a. Predictors: (Constant), SIZE, SIZESQR
b. Dependent Variable: RES_OSQR
Coefficients?
Standardi
zed
Unstandardized Coefficien
Coefficients ts
Model B Std. Error Beta t Sig.
1 (Constant) -.883 1.290 =121 807
SIZESQR -.408 422 -1.564 -.968 .361
SIZE 3.424 3.858 1.434 .887 401
a. Dependent Variable: RES_OSQR
Residuals Statistics?
Std.
- Minimum | Maximum Mean Deviation N
redicted
Value 3723 6.2781 4.5091 1.7176 11
Residual -6.0374 12.2767 | -2.30E-15 4.8058 11
Std.
Predicted -2.409 1.030 .000 1.000 11
Value
Std. -1.124 2.285 000 894 11
Residual . : . :

a. Dependent Variable: RES_OSQR

Page 1

e
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C:\PRIME\Delta Gas\Statistics\zero intercept.sav

size feet avgcost totcost wsize wcost sqrtfeet
1 1.50 442766.0 5.04 2231080 998.11 3352.96 665.41
2 1.50 108137.0 1.45 156311.0 493.26 475.34 328.84
3 2.00 3625826 5.02 | 18188521 3808.32 9551.99 1904.16
4 2.00 429630.0 1.33 570320.9 1310.92 870.11 655.46
5 3.00 56307.00 2.39 134564.2 711.87 567.09 237.29
6 3.00 73925.00 1.28 94691.27 815.67 348.27 271.89
7 4.00 1077977 9.20 9919135 4153.03 9553.64 1038.26
8 400 | " 259512.0 5.38 1397415 2037.69 2743.13 509.42
9 6.00 51168.00 8.27 423232.0 1357.22 1871.02 226.20
10 6.00 273679.0 573 1567510 3138.86 2996.33 5—23.14
11 8.00 79984.00 6.44 514861.0 2262.52 1820.49 282.81
Attachment 8

Data set used for determining heteroscedasticity




C:\PRIME\Delta Gas\Statistics\zero intercept.sav

. res_w res_o abs_reso sizesqr res_osqr ggselect
1 404.63822 2.07277 2.07 225 4.30 1.00
2 -981.71257 -1.52070 1.52 225 2.31 1.00
3 296.29629 1.66461 1.66 4.00 2.77 1.00
4 -2315.94618 -2.02430 2.02 4.00 4.10 1.00
5 -790.36618 -1.73310 1.73 9.00 3.00 1.00
6 -1207.11930 -2.84202 2.84 9.00 8.08 .00
7 2721.43368 4.30754 4.31 16.00 18.55 2.00
8 -609.10875 49070 49 16.00 24 2.00
9 -6.49906 1.83502 1.84 36.00 3.37 2.00
10 -1345.83921 -.70885 71 36.00 .50 2.06
11 -1013.26439 -1.54167 1.54 64.00 2.38 2.00

1-2




4. Perform and submit the results that are obtained when the minimum system method is used
to allocate demand and customer charges.

RESPONSE:

Attached is a cost of service study which utilizes the minimum system method to classify costs &’lS
demand- and customer-related. The following table compares the class rates of return frorp Delta’s
original cost of service study with the class rates of return from the revised cost of service study

utilizing the minimum system methodology.

Actual ROR at Current Rates

ROR at Proposed Rates
Customer Original Revised Original Revised

Class Study Study Study Study

Residential (GS) 3.97% 1.53% 6.48% " 3.57%
Commercial Small (GS) 10.11% 10.47% 13.01% 13.43%
Large Commercial & Industrial (GS) 11.43% 29.33% 12.52% 31.39%
Interruptible (IS) 27.37% 69.16% 25.52% 65.18%
Special Contracts 9.44% 65.10% 9.44% 65.10%
Off;System Sales (OS) 10.70% 99.39% 10.70% 99.39%
Total System 7.31% 7.31% 9.31% 9.31%

WITNESS: Steve Seelye




REVISED COST OF SERVICE STUDY

USING THE MINIMUM SYSTEM
METHODOLOGY
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MINIMUM SYSTEM METHODOLOGY




Delta Natural Gas Company, Inc.

Minumum System Analysis
Account 376 -- Distribution Mains

December 31, 1998

Net Cost Quantity Unit Cost

Cost of 2" Mains of Plant (Feet) ($ per Foot)
Installed Cost of 2" Plastic 18,188,528.24 3,625,826 $ 5.01638
Installed Cost of 2" Steel 570,319.60 429,630 1.32747

Total Cost of 2" Mains 18,758,847.84 4,055,456 | $ 4.6255ﬂ
Plant Classificati
Total Number of Units 6,478,911
Minimum Size Mains (2" Pipe) 4.62558
Minimum System Cost | $ 29,968,740
Total Cost of Sample $ 35,197,648
Percentage of Total 0.851441545
Percentage Classified as Customer-Related | 85.14%|
Percentage Classified as Demand-Related l 14.86%]




RESPONSE:

b(1).
b(2).
b(c).

WITNESS:

What is the computed Durbin-Watson statistic? (If the Durbin-Watson statistic has
not been calculated, then calculate and submit.)

(1) What other tests for serial correlation, if any, were performed?

2) Provide the results for each test performed.

3) If no other tests were performed, why not?

The calculated Durbin-Watson d-statistic for the unweighted regression was 1.608,
which is contained in Attachment 1. The calculated Durbin-Watson d-statistic for the
weighted regression was 1.346, which is contained in Attachment 2. At the 95% level
of significance the values for d, and dy, the critical values for the Durbin-Watson
Test with n=11 and k=1, are d; = 0.927 and d;; = 1.331. Thus, the Durbin-Watson
Test for both the unweighted regression and the weighted regression indicate that
autocorrelation is not present in either case.

None.
None.

The Durbin-Watson Test, which is a standard test for autocorrelation, indicated no

autocorrelation was present in either case. If the results were in the gray area between
d; and d; , where you can neither accept nor reject the null hypothesis of .no
autocorrelation, further examination and testing may have been warranted. However,
the Durbin-Watson Test in both cases indicated that the null hypothesis of no
autocorrelation could be accepted. This would indicate that no additional tests were
necessary.

Steve Seelye




Regression

Variables Entered/Removed®

@

Attachment 1

Durbin-Watson for Unweighted Regression

Variables | Variables
Model Entered Removed Method
1 SIZE< . | Enter
a. All requested variables entered.
b. Dependent Variable: AVGCOST
Model Summary®
Std.
Error of
Adjusted the
Model R R Square | R Square | Estimate | Durbin-Watson
i 0954 .354 .282 2.3416 1.608
a. Predictors: (Constant), SIZE
b. Dependent Variable: AVGCOST
ANOQVAP
Sum of Mean
Model Squares df Square F Sig.
1 Regression 27.166 1 27.166 4.929 .0o4¢
Residual 49.600 9 5.511
Total 76.767 10
a. Predictors: (Constant), SIZE
. b. Dependent Variable: AVGCOST
Coefficients?
Standardi
zed
Unstandardized Coefficien
Coefficients ts
Model B Std. Error Beta t Sig.
1 (Constant) 1.809 1.475 1.220 251
SIZE 771 347 .595 2.220 .054
a. Dependent Variable: AVGCOST
Residuals Statistics®
Std.
Minimum | Maximum Mean Deviation N
E?Sf‘ed 29662 | 79787 | 46838 1.6482 11
Residual -2.8420 4.3075 | 1.211E-16 2.2271 11
Std.
Predicted -1.042 1.999 .000 1.000 11
Value
Std.
Residual -1.211 1.835 .000 .949 11

a. Dependent Variable: AVGCOST

Page 1




Regression
Descriptive Statistics®
. Attachment 2
Root Durbin-Watson for Weighted Regression
Mean
Mean? Square N

WCOST 3104.5787 [4456.8492 11

WSIZE 1917.0436 |2273.2983 11

SQRTFEET | 603.8995 | 767.4581 11

a. The observed mean is printed
b. Coefficients have been calculated through the origin.

Correlations?

WCOST WSIZE | SQRTFEET |
Sta. WCOST T.000 925 935
Cross-product  WSIZE 925 1.000 .00
SQRTFEET 935 .900 1.000
Sig. (1-tailed)  WCOST . 000 000
WSIZE .000 . .000 -
SQRTFEET .000 .000 .
N WCOST 11 1 11
WSIZE 11 1 11
SQRTFEET 1 11 11

a. Coefficients have been calculated through the origin.

Variables Entered/Removed?t-©

. Variables | Variables

Model Entered Removed Method
1 SQRITFE
ET, . | Enter
wsIze?

a. All requested variables entered.
b. Dependent Variable: WCOST
¢. Linear Regression through the Origin

Model Summary©d

Std.
Error of
Adjusted the
Model R R Square? | R Square | Estimate | Durbin-Watson
1 .955° .912 .892 ]1463.4795 1.346

a. For regression through the origin (the no-intercept model), R Square measures the proportion of the variability in the
dependent variable about the origin explained by regression. This CANNOT be compared to R Square for models which
include an intercept.

b. Predictors: SQRTFEET, WSIZE
c. Dependent Variable: WCOST
d. Linear Regression through the Origin

Page 1




ANOVAcd
Sum of Mean
Model Squares df Square F Sig.
Regression 1.99E+08 2 | 99611301 46.509 .000<
Residual 19275950 9 2141772
Total 2.18E+08P 11

a. Predictors: SQRTFEET, WSIZE

b. This total sum of squares is not corrected for the constant because the constant is zero for regression through the origin.
c. Dependent Variable: WCOST

d. Linear Regression through the Origin

Coefficientsat

Standardi
zed
Unstandardized Coefficien
Coefficients ts Collinearity Statistics
Model B Std. Error Beta t Sig. Tolerance VIF
k| WSIZE .860 445 439 1.933 .085 .190 5.249
SQRTFEET 3.141 1.317 .541 2.384 .041 190 | . 5.249

a. Dependent Variable: WCOST
b. Linear Regression through the Origin

Collinearity Diagnostics®P

Condition Variance Proportions
Model Dimension |} Eigenvalue Index WSIZE SQRTFEET
1 T 1.900 1.000 .05 .05
2 .100 4.353 .95 .95
a. Dependent Variable: WCOST
b. Linear Regression through the Origin
Residuals Statistics:t
Std.
Minimum | Maximum Mean Deviation N
vl ;?ua;“ed 1357.4512 |9255.6943 |3545.2503 |2469.1112 11
Residual -2315.95 {2721.4336 | -440.6807 |1309.1889 11
Std.
Predicted -.886 2.313 .000 1.000 11
Value
Std.
Residual -1.582 1.860 -.301 .895 11

a. Dependent Variable: WCOST
b. Linear Regression through the Origin

Page 2




During the hearing on Delta Natural Gas Company’s application, Mr. Seelye testified that
the Canada Mountain Storage Field had been removed from consideration in his cost-of-

service study and that inclusion of this asset would require modifications to his cost-of-
service study. Provide a revised cost-of-service study that includes Canada Mountain.

RESPONSE:

The attached cost of service study includes Canada Mountain. Canada Mountain costs are
functionally assigned as storage-related costs and allocated on the same basis as Delta’s other

storage-related costs.

The following table compares the class rates of return from Delta’s original cost of service study
with the class rates of return from the revised cost of service study which includes Canada
Mountain and reflects the revised rates shown in Delta’s response to item 5 of the Commission’s

Order dated September 14, 1999:

Actual ROR at Current Rates ROR at Proposed Rates
Customer Original Revised Original Revised
. Class Study Study Study Study
Residential (GS) 3.97% 3.31% 6.48% 7.04%
Commercial Small (GS) 10.11% 8.11% 13.01% 12.58%
Large Commercial & Industrial (GS) 11.43% 8.01% 12.52% 10.80%
Interruptible (IS) 27.37% 27.60% 25.52% 25.76%
Special Contracts 9.44% 9.69% 9.44% 9.69%
Off-System Sales (OS) 10.70% 10.95% 10.70% 10.95%
Total System 7.31% 6.01% 9.31% 9.29%

Note: The overall actual rate of return at current rates in the Revised Study is lower than the
overall actual rate of return in the Original Study because base rate revenues remain
unchanged in the two studies while operating expenses and rate base are increased in the

. Revised Study.

RESPONDING WITNESS: Steve Seelye




REVISED COST OF SERVICE STUDY

TO INCLUDE CANADA MOUNTAIN
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